Abstract: The inhibition effect of N,N,N-trimethyldodecylammonium 
I. Introduction
Acids are widely used in various technological processes in industry, e.g., in pickling baths, in the extraction and processing oil and gas and in other chemical and petrochemical industries. Also, in the technical cracking of petroleum, acids appear as a result of hydrolysis of salts and may destructive effect on the equipment. Corrosion due to acids are important and expensive problem in the petroleum refining units and it represents a significant portion of loss as a result of lost production, inefficient operation, high maintenance and the cost of corrosion control chemicals. Inhibitors should be effective in low concentrations for economy. The use of inhibitors is the most practical methods for protection against corrosion, especially in acid media [1] . Most of the well known acid inhibitors are organic compounds containing nitrogen, sulphur and oxygen atoms. The influence of organic compounds containing nitrogen, such as amines and heterocyclic compounds, on the corrosion of steel in acidic solutions has been investigated by several workers [2] [3] [4] [5] .
In previous studies, SDBS [6] , Dithizone and thiosemicarbazide [7] , Benzyl triethanol ammonium chloride [8] , Cetyl trimethyl ammonium bromide, etc have been studied as corrosion inhibitors for steel in acidic medium.The existing data shows that the most organic inhibitors acts by adsorption on the metal surface. Surfactant inhibitors have many advantages, for example, high inhibition efficiency, low price, low toxicity, and easy production [9,10,] . Moreover, the investigation of surfactants adsorbed on metal surface is extremely important in electrochemical studies such as corrosion inhibition, adhesion, lubrication and detergency [10] . Nowadays, surfactants are widely used and find a very large number of applications in the petroleum industry. This is attributed to their significant capability to influence the properties of surfaces and interfaces. An important corrosion inhibition tool is the use of surfactant inhibitors, because of very little consideration towards this study. The most important action of inhibition is the adsorption of the surfactant functional group on to the metal surface, adsorption is critical to corrosion inhibition. The concern of these materials arises from their significance in recent civilization.
In the present investigation the corrosion inhibition of mild steel in 1M HCl solution in the absence and presence of a surfactant, N,N,N-trimethyldodecylammonium bromide(TDAB) has been studied using weight loss, potentiodynamic polarization and Electrochemical impedance spectroscopy techniques. The effects of temperature and concentration have been studied. The surface morphology of the mild steel surface after exposing to a optimum concentration is also examined using AFM and SEM.
II. Experimental

Preparation of specimen
Mild steel specimen with composition (Fe, 98.7; C, 0.223; Mn, 0.505; Si, 0.164; S, 0.05) was used. For the weight loss measurement mild steel specimen (2cm x 1cm) was used and for electrochemical polarization investigation, The cylindrical rod specimen was welded with copper wire for electrical connection and embedded in Teflon holder using epoxy resin with an exposed area 1cm was first mechanically polished with various grades of emery paper (0/0, 2/0, 3/0, & 4/0) and then cleaned with methanol and acetone followed by cleaning with double distilled water.
Inhibitor and electrolyte
TDAB is dissolved in 1M HCl solution at various concentrations (10  -2 , 6X10   -3   , 4X10   -3 , 2x10 -3 and 10 -3 M) and the solution in the absence of TDAB was taken as blank for comparison. Aggressive solution (1MHCl), was prepared by dilution of reagent grade 34% HCl with double distilled water.
weight loss studies
MS samples (2cm x 1cm) were used for weight loss measurement studies at various temperatures (298K-328K) for 3h exposure time. The % IE was calculated by using an equation 1:
Where 0 = weight loss without inhibitor, = weight loss with inhibitor
Electrochemical experiment
Electrochemical experiments were performed in a conventional three electrode cell, mild steel welded with copper wire and embedded in Teflon holder using epoxy resin with an exposed area 1cm 2 as Working electrode, a platinum foil of 1cm 2 was used as counter electrode & the reference electrode was a saturated calomel electrode (SCE) with a Luggin capillary. All potentials are measured with respect to the SCE. Measurements were performed using CHI 660C model Electrochemical workstation. Potentiodynamic polarization curves were obtained by scanning the potential range from -200mv + E corr to +200 mv + E corr at a scan rate of 10mv/s after 1h immersion time in 1M HCl and 1M HCl + inhibitor solutions. Potentiodynamic polarization curves were also obtained at different temperatures to calculate the activation energy of the inhibitor adsorption to mild steel surface. The %IE was calculated from the measured I corr values using the equation 2:
Where,
0
& I are the corrosion current densities in absence and presence of inhibitor respectively Electrochemical impedance measurements were carried out at open -circuit potential over a frequency range of 0.01Hz -100 KHz. The sinusoidal potential perturbation was 10mv in amplitude. Electrochemical data were obtained after 1h of immersion with the working electrode at the rest potential & all tests have been performed in non-deaerated solutions under stirred conditions. The %IE was calculated from the Charge transfer resistance (R ct ) values using the following equation 3:
Where & 0 are the charge transfer resistance in presence and absence of inhibitor respectively
Surface analysis by SEM and AFM
The morphology of the sample surface before and after being treated with optimal concentration of inhibitor was examined by SEM and AFM.
III.
Results and discussion Fig. 1 shows the plot of %IE versus inhibitor concentration, it is evident that the %IE and corrosion rate are concentration dependent. Table 1 shows the variation of inhibition efficiency obtained from weight loss measurements at different concentration of TDAB. The inhibition efficiency increases with increase in inhibitor concentration; the maximum inhibition efficiency was obtained at 10 -2 M. The influence of temperature on inhibition efficiency is shown in Fig. 2 . The inhibition efficiency increases by increasing the temperature from 298K-328K.The increase in efficiency with temperature as shown in Table 1 may be attributed to the stability of adsorbed film of inhibitor molecules on the metal surface, which are adsorbed strongly even at higher temperature.
weight loss
Potentiodynamic polarization
The Tafel polarization behaviors of mild steel in 1M HCl with the addition of various concentrations of TDAB at different temperatures are shown in Fig. 3 . The Corrosion kinetic parameters derived from these curves are presented in Table 2 . From the Table 2 it is clear that the corrosion current (I corr ), values of mild steel decreases with the addition of TDAB in 1M HCl. Further the E corr value shifts to a positive direction but no significant change is observed, which suggests a mixed type of inhibition effect of TDAB.
Electrochemical impedance spectroscopy
The experimental results obtained from EIS measurements for the corrosion of mild steel in the presence and absence of inhibitor at 25 o C are summarized in Table 3 . The impedance spectra for mild steel in 1M HCl with and without the various concentrations of TDAB at 25 o C are presented as Nyquist plot shown in Fig. 4 . It can be concluded from the Fig. 4 the impedance response of mild steel significantly changed after the addition of TDAB in the corrosive solution. Fig. 5a and b represents the equivalent circuit design used to fit the experimental data of EIS for hydrochloric acid in the absence and presence of inhibitor. The circuit elements for the obtained data include a solution resistance (R s ), a constant phase element (CPE) ad corresponds to adsorption resistance(R a ), charge transfer resistance (R ct ), adsorption resistance (R a ). The proposed models successfully described the phenomenon occurring in the studied system. Table 3 indicates that the charge transfer resistance (Rct), increased with increasing TDAB concentration. The decrease in C dl , which resulted from decrease in local dielectric constant and or an increase in the thickness of the electrical double layer, suggests that TDAB acted via adsorption at the metal/ solution interface [11] . The values of Y a and Y dl (Y a & Y dl can be regarded to be approximation to the values of the adsorption capacitance and double layer capacitance respectively) has decreased trend for the adsorption of the inhibitor on the metal surface, suggesting the inhibitor molecules displace the water molecules and other ions originally adsorbed on the metal surface. The values of n a associated with (CPE) a are found to be in the 0.96-1 interval revealing that adsorbed film are relatively homogeneous. On the other hand, the different values of n a is due to a modification of the chemical composition of the adsorbed film in combination with their thickness as suggested by the R a values. The values of n dl related to (CPE) dl are found in the 0.60-0.77 interval indicating the electrode surface are partially heterogeneous.
Adsoprtion isotherms and thermodynamic parameters
Adsorption of the inhibitor molecule depends mainly on the charge and the nature of metal surface, electronic characteristics of metal surface, adsorption of solvent and other ionic species, on the electrochemical potential at solution interface. The adsorption of isotherm study describes the adsorptive behavior of inhibitor in order to know the adsorption mechanism of inhibitor to the metal surface. The most frequently used adsorption isotherms are Langmuir, Temkin, Frumkin and Freundlich isotherms. The Langmuir adsorption isotherm was found to provide the best description of the adsorption behavior (Fig.6 ). This suggest that the Langmuir adsorption isotherm provides the best description for the adsorption of TDAB on mild steel surface. The Langmuir adsorption isotherm is given by the following equation
Where C is the inhibitor concentration and K is equilibrium constant of adsorption, which is related to standard free energy of adsorption ΔG 
ΔG 0 ads is obtained at a given temperature. K is obtained from the intercept of a plot of C/Ѳ as a function of C. As seen from the Fig. 6 , plot of C/Ѳ as a function of C yields a straight line with regression co-efficient higher than 0.99, showing that the adsorption of the inhibitor is fitted to Langmuir adsorption isotherm. The data reported in the Table 4 reveals that, the adsorptive equilibrium constant (K) increases with increasing the temperature indicating that it is strongly adsorbed even at high temperature. These results suggest that, the inhibition of mild steel is a adsorptive process. Thermodynamic parameters play an important role in understanding the inhibition mechanism. The enthalpy of adsorption and entropy of adsorption are calculated from the following equations
Where A is a constant, and is the heat of adsorption equal to enthalpy of adsorption Enthalpy of adsorption ( 0 and 1/T . The negative sign of 0 Indicates that the inhibitor is spontaneously adsorbed on the metal surface [12] . In the present study, the 0 values obtained ranges from -28.0 to -36.1 kJ/mol, which are lower than -40 kJ/mol but higher than -20 kJ/mol. This indicates that the adsorption is neither typical physisorption nor typical chemisorptions but it is complex mixed type. That is the adsorption inhibitor molecules on the mild steel surface in the present study involves both physisorption and chemisorptions (Comprehensive adsorption). As for the value of 0 in Table 4 , the sign of 0 is positive indicates the endothermic nature of steel dissolution process. The positive sign of 0 which indicates that an increase in disordering takes place in going from reactants to metaladsorbed species reaction complex.
Kinetic parameters
The kinetic parameters for the corrosion process were calculated from Arrhenius equation and the transition state equation: = − (8) Where is the corrosion current density, A is the Arrhenius constant, E a is the activation energy and R is the universal gas constant.
Where N is Avogadro's constant, h is planck's constant, ≠ is the change in entropy of activation and ≠ is the change in enthalpy of activation. E a is obtained from the slope of a plot of ln ( ) vs 1/T (Fig.8) , ≠ is obtained from the intercept of a plot of og ( ) vs 1/T and ≠ is obtained from the slope of a plot of og ( ) vs 1/T (Fig. 9) . The kinetic parameters calculated are given in Table 5 . It is clear from that Table 5 that the E a decreased with increasing concentration of studied inhibitor. Also it is clear that E a values in the presence of inhibitor are lower than that in the absence of inhibitor indicating that the inhibition efficiency increases with increases with temperature . The positive sign of enthalpy of activation reflect the endothermic nature of steel dissolution process meaning that dissolution of steel is difficult. It is clear from the Table 5 that the entropy of activation is large and negative imply that the activated complex in the rate determining step represents an association rather than dissociation step, meaning that a decrease in disordering take place on going from reactant to the activated complex [13, 14] .
SCANNING ELECTRON MICROSCOPY (SEM) and AFM
The SEM micrographs of the corroded mild steel in 1M HCl in the absence and presence of inhibitor are shown in Fig.10 (a -b) . In Figure 10a of bare mild steel electrode surface, defects and notches were observed, while a layer of closely packed film was obtained in Figure 10b , and the surface was free from pits and it was smooth. It can be concluded from Figure 10a -b that corrosion does not occur in presence of inhibitor and hence corrosion was inhibited strongly when the inhibitor was present in the solution, then scanning electron microscopy (SEM) observation, confirmed the existence of an absorbed protective film on the mild steel surface.
AFM is a powerful technique to investigate the surface morphology at nano to micro-scale and has become a new choice to study the influence of inhibitor on the generation and the progress of the corrosion at the metal/solution interface. The three dimentional AFM images of the MS surface exposed to 1M HCl with and without 10 -2 M TDAB for 3h are shown in the Fig. 11 (a,b and c) . it is clearly evident that, the surface is more uniform (Fig.11c ) than the surface (Fig.b) in the absence of inhibitor.
Conclusion
The inhibition efficiency obtained by the TDAB is very good at all temperatures. This acts as a surfactant which is widely used as surface acting agents, antimicrobials, in detergents, etc. Moreover surfactants are less toxic, easily available, less cost etc. The future work is to investigate the synergetic effect of Surfactants and plant extracts. Surfactant acts has good biocide activity. 
